C 12 H17N 2 O5ReS 2 , monoclinic, P21/c (no. 14), a = 11.99393 (5) Å, b = 20.48791(11) Å, c = 13.67105(6) Å, β = 103.3351(5)°, V = 3268.82(3) Å 3 , Z = 8, Rgt(F) = 0.0238, wR ref (F 2 ) = 0.0629, T = 100(2) K.
Source of material
All chemicals and solvents were used as purchased without purification. The melting point was determined using a Melttemp II digital melting point apparatus and was uncorrected. The solid-state IR spectrum was obtained on a Bruker Vertex 70v FTIR Spectrometer from 4000 to 400 cm −1 . The 1 H and 13 C{ 1 H} NMR spectra were recorded at room temperature in DMSO-d 6 solution on a Bruker Ascend 400 MHz NMR spectrometer with chemical shifts relative to tetramethylsilane. Bromopentacarbonylrhenium was prepared from the reaction of a 1:1 molar ratio of Re 2 (CO) 10 (Merck) and Br 2 (Panreac) in dichloromethane at 273 K. White solids were obtained from the slow evaporation of the solvent. The solids were recrystallised in acetone before use. The dithiocarbamate ligand was prepared in situ (methanol) from the reaction of CS 2 
Experimental details
The C-bound H atoms were geometrically placed (C-H = 0.99 Å) and refined as riding with U iso (H) = 1.2Ueq(C). The carbon atoms of the N3-morpholine ring were disordered over two positions. The O-C, N-C and C-C bond lengths were refined with distance restraints of 1.41 ± 0.01, 1.45 ± 0.01 and 1.50 ± 0.01 Å, respectively. All atoms of the ring were refined anisotropically and the site occupancy of the major component refined to 0.578 (10) . Owing to poor agreement, two reflections, i.e. (2 0 0) and (−11 1 10), were omitted from the final cycles of refinement. The maximum and minimum residual electron density peaks of 2.89 and 1.94 e Å −3 , respectively, were located 0.78 and 0.66 Å from the Re1 atom, respectively.
Comment
During on-going studies of the structural chemistry of binuclear molecules of the general formula [(CO) 3 Re(S 2 CNR 2 )] 2 , for R = Et [5] , n-Pr [6] and n-Bu [7] , crystalline side-products have been isolated whereby the incorporation of a coordinating solvent molecule results in the isolation of a mononuclear species, such as is the case of the recent report of the structure of (CO) 3 Re(S 2 CNMe 2 )(N≡CMe) [8] . Herein, the crystal and molecular structures of a closely related species recently isolated in this research programme, namely (CO) 3 Re[S 2 CN(CH 2 CH 2 ) 2 O]N(CH 2 CH 2 ) 2 O, (I), are described. Two independent molecules comprise the asymmetric unit of (I) and these are shown in the figure (50% displacement ellipsoids; for the second independent molecule, lower image, only the major component of the disorder is shown). In terms of the coordination geometry, the molecules are quite similar and each comprises a chelating dithiocarbamate ligand, three carbonyl groups and an nitrogen-bound morpholine molecule. The carbonyls occupy facial positions in the resultant C 3 NS 2 donor set which defines an approximate octahedral geometry. The dithiocarbamate ligand coordinates symmetrically with Re1-S1 = 2.4963(10) Å and Re1-S2 = 2.5044(10) Å, and this symmetry is reflected in the equivalence in the associated C-S bond lengths, that is C1-S1 = 1.720(4) Å and C1-S2 = 1.727(4) Å [for the Re2-containing molecule: Re2-S3 = 2.4956(10) Å, Re2-S4 = 2.5095(10) Å, C13-S3 = 1.727(5) Å and C13-S4 = 1.730(4) Å]. The Re-N bond lengths, i.e. Re1-N2 2.249(4) Å and Re2-N4 2.267(4) Å, are equal within experimental error. The deviations from the ideal geometry relate to the acute chelate angle [S1-Re1-S2 = 70.90(3)°and S3-Re2-S4 = 70.86(3)°] and the maxi-mum deviations in the trans angles are found in (carbonyl) C-Re-S(thiolate) angles in each independent molecule [C11-Re1-S2 = 168.43(13)°and C22-Re2-S3 = 169.87(13)°]. From the figure, the most obvious difference between the structures is found in the relative orientations of the nitrogenbound morpholine molecules; each has a chair conformation. To a first approximation, in the Re1-molecule this group can be considered orthogonal to the ReS 2 C chelate ring but, parallel to the ring in the Re2-molecule and folded over towards the two carbonyl groups co-planar with the chelate ring. With reference to the six-membered morpholine ring, the Re1 occupies an axial position whereas the Re2 atom occupies an equatorial position. The observed coordination geometries in the title compound match literature precedents [8, 9] .
The most prominent feature of the molecular packing is the formation of zig-zag (glide symmetry) supramolecular chains along the c-axis as the morpholine-N-H atoms participate in N-H· · · O(carbonyl) interactions [N2-H2n· · · O3 i : H2n· · · O3 i = 2.49(4) Å, N2· · · O3 i = 3.472(5) Å with an angle at H2n = 167(3)°and N4-H4n· · · O10 ii : H4n· · · O10 ii 2.45(3) Å, N4· · · O10 ii = 3.287(5) Å with angle at H4n = 141(4)°for symmetry operations (i) x, 3/2 − y, −1/2 + z and (ii) x, 3/2 − y, 1/2 + z]. The chains comprise Re1-or Re2-containing molecules exclusively. Globally, like-molecules assemble into layers and these stack, alternating along the a-axis. A substantial number of weak C-H· · · O(carbonyl) interactions are evident in the crystal. The most prominent contact in the layers comprising Re1-molecules are coordinated-morpholine-C-H· · · O(carbonyl) interactions [C7-H7b· · · O1 iii : H7b· · · O1 iii = 2.38 Å, C7· · · O1 iii = 3.245(7) Å with angle at H7b = 145°for (iii) 1 − x, 1/2 + y, 1/2 − z] and the closest interactions within the layers of Re2-containing molecules are of the type dithiocarbamate-morpholine-C-H· · · O(carbonyl) [C17-H17b· · · O7 i : H17b· · · O7 i = 2.18 Å, C17· · · O7 i = 2.980(11) Å with angle at H17b = 137°]. The C-H· · · O contacts between layers involve dithiocarbamatemorpholine-C-H as the donors and occur between the independent molecules [C2-H2b· · · O8 iv : H2b· · · O8 iv = 2.50 Å, C2· · · O8 iv = 3.423(6) Å with angle at H2b = 155°for (iv) 1 + x, 3/2 − y, −1/2 + z and C15-H15a· · · O2 v : H15a· · · O2 v = 2.52 Å, C15· · · O2 v 3.422(10) Å with angle at H15a = 152°for (v) 1 − x, −1/2 + y, 3/2 − z].
The molecular packing was further analysed in terms of the calculation of the Hirshfeld surfaces as well the full and delineated two-dimensional fingerprint plots employing Crystal Explorer 17 [10] using established procedures [11] . This methodology has proved most successful in distinguishing the surface contributions in circumstances where multiple molecules comprise the asymmetric unit [12] . Entirely consistent with both hydrogen-and oxygen-rich regions in the molecules, as well as intermolecular N-H· · · O and C-H· · · O contacts less than the sum of the respective van der Waals radii, the most significant contributions to the Hirshfeld surfaces of the Re1-and Re2-containing molecules come from H· · · O/O· · · H contacts at 40.9 and 43.2%, respectively. Next most significant are H· · · H contacts at 30.2 and 30.7%, respectively, with some contacts also within the sum of the van der Waals radii. The other major contributions to the Hirshfeld surfaces are from H· · · C/C· · · H [11.7 and 10.1%, respectively] and H· · · S/S· · · H [8.8 and 8.9%, respectively] contacts which, with the former occurring at distances at or beyond the respective sums of the van der Waals radii, respectively. The small but, different differences in the percentage contributions from the aforementioned contacts clearly differentiate between the independent molecules [12] .
